ning

search, evaluation, design, experimentation

#in 1993, a series of new programs were
bid by United Defense Limited Parnership
(UDLP), formerty FMC, whose prime gov-
ernment customer insisted on improving
the effectiveness of their ESS process.

A decision was made to follow the
Advanced Screening Technology Semi-nar
recommendations made by Dr. G.
Hobbs," C.E. (Neil} Mandel, Jr.,2 and R
Mercado.® Advanced ESS involves con-
tinuous operational monitoring during
exposure to ultra-high-rate thermal cycling
with simultaneous stimulation of 6DoF
broadband random vibration.

Cost, schedule, and capability bids
were received from original equipment
manufacturers (OEMs) A and B foradvanced
screening equipment that offered 6DoF
random vibration conducted simultaneously
with high-rate thermal cycling. Plans were
initiated to install an advanced ESS chamber
at Quanta Laboratories for initial use by
Quanta for UDLP products.

In searching for equipment, the authors’
key criterion for ESS was to assure that the
product output response of all of a product’s
components results in a sensible degree of
uniformly high stresses in the appropriate
ESS vibration environment. This needs to
be true for multiples of the product as well,
and is a prerequisite to repetitively and
reliably precipitate hidden (latent) flaws/
defects in materials, processes, or design.

A word of caution: Once a firm locks into
ESS equipment and processes that are not
effective cost-wise or technically, it is
monumentally difficult to later justify the
cost of making a change to higher-level
management. A wrong decision may ap-
pear to have good immediate payback but
may prove disastrous in the future.

In the process of separating fact from
promotion and advertisement the two lead-
ing systems—OEMs A and B—were
evaluated extensively. To assure accurate
gathering of test data, manufacturers of
these systems were contacted to par-
ticipate and witness these tests. One or
more representatives from each company
was present to guide operation of, and if
necessary to make tuning adjustments to,
their respective systems.

The areas of most interest to the authors
were vibration level uniformity, auditory noise
levels, temperature ramp rates, and tem-
perature distribution. However, due to
special ducting that existed in one of the
systems available for us to test, it was not
possible to make a meaningful compar-ison
of temperature measurements. There-
fore, only vibration and noise measurement
results are presented in this article.

Vibration measurement

The efficacy of shock response spectrum
(SRS) analysis for ESS vibration parameter
response measurement has been pro-
posed by some ESS experts as not only the
best, but sometimes the only true
measurement. The authors of this article
question these propositions, and so do
some others.*® “Neither ASD [acceleration
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spec-tral density] nor SRS alone are a
complete measure of screen/test
strength. There is still ‘a gap in the
derivation’ to link any vibration measure-
ment to screen strength (for ESS) or prod-
uct strength (HALT/STRIFE). The strength
of a regimen is a consequence of its effec-
tiveness—exposing the flaws or design
marginalities.”® [HALT™* = highly accel-
erated life testing; STRIFE™* = stress and
life testing.]

Importance of uniformity

The need for repeatability—realistic uni-
formity of response to environmental stimu-
lation—has been questioned by some ESS
experts. Respected ESS instructors rec-
ommend that product output response is
what must be met, not vibration table inputs
or thermal chamber air flow temperature.

The authors believe that the need for

reasonable repeatability and uniformity is
imperative to developing a cost-effective
ESS program. When there are large varia-
tions in table response and great variations
between X, Y, and Z axes, it appears im-
possible to assert that a screen is both
effective and non-damaging. Furthermore,
UDLP as a contractor is a design agent and
a system integrator with total contractual
responsibility for ESS. It is mandatory that
UDLP identify clear, understandable ESS
requirements to competing subcontractors
and suppliers.

It is very difficult, if not impossible, to
prepare an ESS manufacturing process
procedure when using either of the 6DoF
chambers that were evaluated, due to the
inconsistencies and large variations in
vibration levels. The dilemma facing UDLP
is this: After developing ESS parameters,
how does the hardware designer commun-
icate this information to a manufacturer?
Likewise, how can areputable testlaboratory
offer signed and documented certification
of the ESS stress parameters applied to his
customer’s product? This is especially crit-
ical if the product output response to envi-
ronmental stimuli is either unknown or can
have a variation of 2.7-to-one.

Tight ESS tolerances?

Some equipment manufacturers claim
uniform, repeatable vibration tolerances are
not needed. Assuming design ruggedization
(arobust design to begin with) as a precursor
to HALT, all units can be subjected to an
ESS leve! high enough to precipitate flaws/
defects, say these manufacturers. Papers
have been developed supporting this rea-
soning, such as “Is Uniformity and
Repeatability Essential to Vibration and
Temperature Screening?””

This paper claimed that the proof of screen
(POS) is sufficient to verify that no serious
damage has been imposed upon the prod-
uct screened. The article has some strong
points to consider. However, there are also
weak points, which include:

¢ The referenced Santa Barbara ESS
research work was done in 1980 on dif-
ferent equipment than that evaluated here;

e The four ESS articles referenced are
all of older vintage, with dates from 1981 to
1982;

* Two of the five figures shown are clas-
sified by the writers as hypothetical;

¢ Temperature and vibration varia-tions
throughout the chamber are identified to be
“without concern for the variation if and
only if a proper POS has been done.”This
implies a very robust design to begin with,
which is not always an available luxury in
either commercial or military electronics,
whether in new or already manufac-tured
products.

Although it may be true that neither strict
uniformity nor repeatability is necessary,
the definition of “strict” should not mean
without reasonable limits of uniformity.

It is recognized that the tight test

*Trademark of Hobbs Engineering Corporation.
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